This retrospective cohort study from a single clinical practice enrolled patients with evidence of calcified Peyronie's disease (PD) plaques detected on penile ultrasound at the time of initial presentation. The primary objective was to describe the effect of pentoxifylline (PTX) treatment on subtunical calcifications in men with PD. A PD-specific questionnaire was administered and sonographic evaluations were performed at baseline and follow-up visits. Descriptive statistics and x 2 analysis were used to characterize the effect of PTX on calcified tunical plaques. In all, 71 men (mean age: 51.9 years) with PD and sonographic evidence of calcification were identified. Of them, 62 of these men were treated with PTX for a mean duration of 1 year, and nine with vitamin E or no treatment. Improvement or stabilization in calcium burden at follow-up was noted in 57 (91.9%) of men treated with PTX versus four (44.4%) of those not treated with PTX (P,0.001). PTX users were much less likely to have a subjective worsening of their clinical condition (25.0% versus 78.3%, P50.002). Treatment with PTX appeared to stabilize or reduce calcium content in PD plaques. A randomized controlled trial is warranted to further explore this effect.
INTRODUCTION
Peyronie's disease (PD) is a relatively common disorder in men (3-9%) and a frequent (but not universal) cause of sexual distress.
1,2
In its more severe and/or chronic forms, PD has been associated with calcium deposition in tunical plaques. The relative bother of calcium deposits in the penis varies, although calcified plaques tend to be more easily palpable and hence are presumably more likely to cause subjective distress. These plaques may also cause greater discomfort for men and their sexual partners.
A wide range of medical therapies has been used for PD, [3] [4] [5] [6] [7] [8] [9] but there is no universally agreed upon standard medical treatment. Furthermore, medical treatment is generally thought to be efficacious only in the early phase of the disease, before plaque hardening and/or calcification has occurred. 10 As such, the search for a pharmaceutical option that is effective, well tolerated, and effective in both the acute and chronic phase of PD continues.
Pentoxifylline (PTX) is a non-specific phosphodiesterase inhibitor with anti-inflammatory properties that has been used to treat claudication. 11 PTX has also been used to decrease inflammation and fibrosis in kidney transplants, open heart surgery, dermatological conditions and after radiation injury. [12] [13] [14] [15] [16] PTX has also been shown to reduce renal calcification in a rat mode of cisplatin-induced kidney injury. 17 With respect to penile diseases, case reports have suggested that PTX may prevent intracavernosal fibrosis after priapism 18 and decrease calcification in new-onset PD. 19 In general, the side effects of PTX are mild and consist of nausea, dizziness and headache. 11 These traits make PTX an interesting potential option for PD therapy.
Additional study is needed to determine the true utility of PTX as a treatment for PD. In the present retrospective cohort study, we investigate the utility of PTX as a treatment in men with PD and sonographic evidence of tunical calcification. We believe that this cohort represents a more severe and chronic subset of the PD population. Our primary outcome measure was quantitative and qualitative changes in the calcium content of the tunical plaque after PTX treatment versus no intervention or vitamin E monotherapy. Secondary outcome measures included patient assessment of treatment efficacy and clinical response.
MATERIALS AND METHODS

Study design and cohort description
This retrospective cohort study enrolled patients from a single clinical practice. At presentation, men diagnosed with PD completed a nonvalidated PD-specific questionnaire detailing the past medical history, health-related behaviors and characteristics of their PD. Sonographic evaluation of the penis was performed on all men. Men with at least two penile ultrasounds and sonographic evidence of tunical calcifications at their first clinical visit were included. Men with congenital curvature were excluded. Institutional review board approval was obtained.
Main outcome measures
Sonographic variables. Penile calcifications were identified using B-mode (gray scale) sonography on a General Electric Logiq P5 ultrasound machine with a 12-MHz small-parts linear array probe. Measurements of calcification length and width were made in the longitudinal and transverse axes. The total area of calcification was determined by the product of the length and width of each calcified lesion. For men who had more than one calcification, the sum of each calcified area was used to determine a cumulative burden of calcification for each individual at baseline. The medical records of each subject were reviewed by an urologist to ascertain the presence of and the volume of tunical calcification for each patient. Uncertain findings in the medical record were adjudicated by two other authors. Post-treatment calcium burden was considered improved if there was a decrease in the number, size or density of sonographic calcifications. Calcium content was recorded as unchanged if there was no difference in size, number or density of calcification over time. A worsening in calcifications was defined as an increase in the size, number or density of calcifications.
Predictor variable Treatments utilized. Treatment for PD was determined by prescription of any medication at the baseline or follow-up visit and recorded in the medical record. In general, PTX was prescribed to men at a dose of 400 mg three times daily for an initial period of 4-6 months. At the 4-to 6-month time point, men were reassessed with a clinical exam and gray scale or duplex ultrasound. Five men increased their dose to 800 mg three times daily. Cumulative use of PTX was calculated by the sum of all the months using PTX from the first clinic visit to the last follow-up clinic visit.
PD and sexual function characteristics. Duration of disease was determined by the difference between the date of presentation for evaluation and the date of onset of symptoms. Previous penile trauma or injury (yes/no), ability to maintain an erection, painful erections and degree of curvature (degrees) were determined by self-reported answers to the PD-specific questionnaire administered at the time of the initial evaluation for PD.
Statistical analysis
Descriptive statistics (for example, counts and means) and bivariate analyses were used to describe the study population and to assess the association between PTX use and calcification status. x 2 analysis was used to identify statistical differences between treatment groups. Because of small numbers in subgroups, a new variable was created by combining 'improvement' and 'no change' in calcifications over time to be compared with those patients who had worsening of their condition. All analyses were conducted using STATA 10 (Stata Corp., College Station, TX, USA). A significance level of ,0.05 was considered significant and all tests were two-sided.
RESULTS
A total of 71 men with PD and sonographic evidence of penile calcification were identified. Of them, 62 had been treated with PTX (mean duration of treatment: 1.2 years) compared with nine who had not received PTX. Of the men who never took PTX, four used vitamin E and five used no medical treatment. The mean age of men in the cohort was 51.9 years with a mean duration of PD symptoms of 2.1 years ( Table 1 ). The mean calcium burden at baseline for men in the cohort was 13.8 mm 2 with an average of 1.6 discrete calcifications per individual. No statistically significant differences were observed between users and non-users of PTX.
Men taking PTX were more likely to have an improvement in their calcifications relative to men who did not take PTX (69.4% versus 33.3%, P50.03; Table 2 ). Furthermore, men taking PTX were much more likely to have stabilization (that is, no change) or improvement in their calcium burden relative to men not taking PTX (91.9% versus Table 3 ).
DISCUSSION
Men with calcified PD represent a difficult-to-treat population that has by and large been neglected in published reports of PD therapy. In this study, we report that PTX has efficacy in reducing penile calcium burden in men with PD and sonographic evidence of penile calcification. Furthermore, men taking PTX were less likely to experience worsening in their subjective assessment of their clinical condition. A number of previous studies have reported declines in plaque size and consistency with medical therapies. Levine 20 reported a substantial reduction in plaque size in 38 men treated with biweekly penile verapamil injections over a 6-month period; substantial plaque softening was also noted in treated men. Rehman et al. 8 reported similar results in a single-blind randomized study of 14 men treated with intralesional verapamil. In a larger randomized clinical trial of 117 men, Hellstrom et al. 4 reported greater rates of plaque shrinkage and softening in men treated with intralesional injection of interferon alpha-2b. However, a smaller trial of 30 men with PD were treated with intralesional interferon weekly for 12 weeks versus vitamin E 400 IU daily, as a control group did not demonstrate any significant differences between groups or changes over time. 5 Most recently, Jordan 21 reported on 25 patients with PD who were treated with intralesional injection of clostridial collagenase (two cycles of three injections). Significant declines in mean plaque length and width were noted at 3-, 6-and 9-month follow-up time points. Although these trials suggest a number of different treatments, which may be efficacious in managing penile plaques, calcification was not the primary end point in any of these and it is therefore unclear whether or not these modalities are useful in calcified PD. Indeed, for several of these trials, tunical calcification was not explicitly assessed or was an exclusion criterion for enrollment. 4, 8, 21 It has been demonstrated in vitro that cells derived from both normal tunica albuginea and PD plaque express osteogenic markers and have the capacity to undergo calcification. Incubation with tumor growth factor-beta, a known mediator of the PD phenotype, 22 was
shown to induce differentiation of cells into osteoblasts and myofibroblasts. This finding suggests that differentiation of cells along the osteoblast lineage is one possible mechanism for penile calcification in clinical PD. 23 Although some data suggest that PTX blocks the tumor growth factor-beta pathways, 24 the mechanism by which PTX might induce regression of calcified plaques is unclear. PTX has been shown to improve microcirculation through reducing blood viscosity. PTX increases erythrocyte deformability, decreases platelet aggregation and decreases fibrinogen levels. 25, 26 Furthermore, in an animal model, PTX was associated with increasing fibrinolytic activity in the peritoneum leading to a decrease in formation of peritoneal adhesions. 27 This may be relevant to PD as it has been shown that fibrin can induce PD-like lesions in animal models. 28 Therefore, along with its antifibrotic and anti-inflammatory properties, PTX may increase microcirculation in the site of fibrotic and calcified plaques, leading to faster plaque resolution and a decrease in calcification over time. Further study of mechanisms will be required to determine the actual activity of PTX in PD plaques.
Several limitations of this study are worth noting. Our relatively small sample size precluded a comprehensive multivariable analysis and the population was not randomized at baseline. Objective data on change in penile curvature, plaque volume, erectile function and erectile pain were not universally collected and therefore could not be included in the analysis. Because of this study design, it is possible that systematic differences between men taking PTX and those not taking PTX can explain some of the differences observed. It is also possible that men taking PTX were observed differentially relative to men not receiving PTX. Furthermore, unmeasured confounders could account for outcome differences between men who were or were not treated with PTX. As such, these results should be considered preliminary.
Despite these limitations, our study is unique in that it addresses the impact of PTX on calcium deposits in PD. To our knowledge, no previous study has documented a decline or stabilization in penile calcium burden with PTX therapy. This novel finding suggests that PTX may have particular efficacy in PD, even during the chronic phase of disease. This medication is cheap, well tolerated and has a strong basic science rationale to support its use. A randomized controlled trial evaluating the effect of PTX on calcifications and other clinical outcomes is needed to determine the role of PTX in the management of PD. 
